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TECHNICAL NOTE

Santa Ana Fire Department Experiment
at 1315 South Bristol, July 14, 1994
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Putorfi, Walton Twilley, and Deal are with the Building and Fire Research
Laboratory at theNational Institute of Standards and Technology. Albers is with
the Fin S%fetyDivision at the CiQ of Santa Ana Fire Department.

Introduction
TheSanta Ana I% Department of Santa An& California, conducted a series of fire experiments
in residenceson SouthBristolStreetin the City of SantaAna in July, 1994.NET provided tech-
nical suppott, consisting of measurementsof fire phenomena. to the fire dep~ment during
these experiments. The experiment to be addressed in this report occurred on July 14, 1994, at
1315 South Bristol Street. The measurements included temperatures within various rooms, the
velocity and temperature of outflowing gases, smoke detector activation time, sprinkler activa-
tion times, and time to full room involvemen~ Data were recorded evety 5 seconds with a com-
puterized acquisition system.

structure
The building used for the experiment was a vacant, one-story, single-family dwelling.
The building was of wood-ftame constntction, with gypsumboard interior walls and
ceiling, and stucco-over-wire-mesh-and-paper exterior walls. The floors throughout
the building, with the exception of the kitchen and bathroom, were constructed of
hardwood. The floors in the kitchen and bathroom were covered with vinyl flooring.

The building had no basemeng but rather a ventilated crawl space. The building was
covered with a pitched roof, consisting of asphalt shingles over redwood planks.

The layout of the building is shown in Figures I and 2, along with interior dimen-
sions. There were three bedrooms, a bathroom, a living room, a kitchen, and a garage.
In order to simulate a second-story bedroom, a section of roof was removed, and a
room was added above the living room. The addition was of wood-frame construc-
tion, with the interior walls and ceiling consisting of fire-rated gypsumboard 15.9 mm
(0.62S inch nominal) thick. There was no exterior covering over the wood members
of the second-story room.

Smoke Detecior
A smoke detector was installed in the hallway outside the bedrooms in accordance
with NFPA 72, National Fire Alarm Code. The detector was a single-station, battery-
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Figuro 1. Plan view of tho first floor.
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powered, UL-listecl, ionization-type smoke detector whose activation time was
recorded manually by an obsemer equipped with a stopwatch. The location of the
smoke detector is shown in Figure 3.

Sprinklers
In order to measure the activation time of typical residential-type sprinklers, one pen-
dent sprinkler was installed in the ceiling of the living room, and one sidewall sprin-
kler was installed cmthe front wail of the living room. It should be noted that an actu-
al msidenaal sprinkler system irtstalk?daccording to NFPA 13D, Sprinkler Systems in
(h- and Twdbdy Dwellings&Mobile Homes, would require more than one pen-
dent or sidewail sprinkler in the living roorm

The sprinkkrs had glass bulb elements with activation temperatures of 68%2
(155”F). Each sprinkler was comected to a pressure switch with copper tubing. The
tubhg was pressurized with approximately 210 kPa (30 psi) of air pressure. When a
sprirdder actur@erLthe signal was recorded on the data acquisition system and timed
using an indicator Iight.

In addtion to the sprinklers installed to measure activation time, two additional
sidewall sprinklers, attached to a rnammlly contro&xl water supply, were installed in
the front wail of the fire room for expetimentd safety. Water was applied through the
spt%tklers for approximately 15 seconds at the end of the experiment before manual
fire fighting, which extinguished the fire. The locations of the various spfinkiers are
shown in Figure 3.

L
Figure 2. Plan view of the secend fioor. “
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Temperature Measurement*.
The temperatures were measured with 0.51 mm (0.02 inchj nominal diameter, bare-
bead, type-K thermocouples. Floor-to-ceiling thermocouple arrays were located in
the living room, the hallway, and the second-floor room, M shown in Figures 3 and
4. Theelevations of the thermocouples above the floor are given in Table I for the liv-
ing room and in Table 2 for the hallway and second floor.

. .- .. -----
Figure 3. Iastrumont locations on me mm moor.

.
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TABLE 1
Lhhg Room
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Thermoeoup!e EIeva*ions

Themmceupie
Number

I
2
3
4
5
6
7
8
9

10
11
12

13

14

15
16
17
18

Distance
from Fleer

(m]
241

236
228
221
2X3
1.98
L83
1.68
1s3
138
133
1.!38
0.93
0.78
0.63
0.48
033
0.i8

Dk?ance
frem Hoar

{ftj
7.89
‘7.73
7.48
-7.23
699
650
6.00
5.51
5.02
4s3
4.04
3s
3.05
256
207
L58
1.08
039

rhtama LMdmwe
mlermeseuple fremnFber frwn Floor

Numhe {m~ (a]
1 L42 7.92

2 237 7.76

3 2.29. 731

4 222 7.27

5 214 7.02

6 1.99 6.53
7 1.84 6.04
8 1.69 5’55
9 154 5.05

10 L39 4.56
11 L24 4.07
12 L(I9 338
U 034 3.08
14 0.79 X39
H 0.64 210
16 0.49 L61
17 034 1.12
18 0.19 0.62

.,

.
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TABLE 3
Wissdew ThersssocoupIe Elevations

Bistanse from Dktanco from

Tilormasouplo Top af Windaw Top of Window

Number (m) (*)

1 0.1s 0.49

2’ 0.30 0.98

3 0.45 1.48

4 0.60 1.97
5 0.7s 2.46

6 0.90 2.95
I

Thermocouples were located within 20 mm (0.79 in) of the pendent and sidewitll
spnnlders used to measure activation time. A thermocouple was located in a sheet of
crumpled newspaper located on the floor near the television seg as shown in Figure
3. ‘Ilda thermocouple was used to detect ignition of the newspaper, an indication that
full roominvolvementhad occurred.

An array of thermocouples was located in the centerline of the open front window
of the second-story room. The elevations of the thermocouples, as measured from the
top of the window, are Mod in Table 3.

The uncertainty in temperature measurement is ~2.2W &4.O”F), as derived from
the thermocouple wire manufacturer. The uncertainties in the thermocouple locations
are estimated~ @.01 m (0.4 inch).

~~ - *
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Figuro 4. Iwtrumont locations on tbo soaond floor.
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TABLE 4
Fue~ Load

Ma%s Weight
Item (kg) (lb)

Ma&ess 1 25.9 57.1

Mattress2 14.5 32.0

!vMress 3 14.5 320

MXtm.ss 4 227 50.0

l@tre$S 5 22.2 48.9

Box S@iOga 23.6 52.0

Calla 1 X2 115.1

shade 05 1.1

Be6 aothca 19.1 421

Pwwa 7.7 17.0

TdCviaioo 71.7 158.1

Cooeh 2 S&$ 120.0

Bed Fmnle (wood) 6.4 14.1

Bunk Bc6 l%aMcS (W’OCd) 54.4 120.0
C!othirig lSLO 332.9

%Xat 5SZ0 KU7.O

vd63ei#yAmeasvram?d
The gas W&SC&Yin the front seccmd-stca-y window was measured with a bidirc@.ion-
al probe connected to a diffkrentiai pressure transducer. The bidiitional probe was
located 0.15 @.01 m below the top of the window approximately 25 mm (0.98 inch)
from a themmcouple. TIMuncertainty for the gas velocity measurements is #3.1 mts
(CMWs), as derived from manufacturer data for the differential pressure transducer.

Fad Load
Tlwfire room was furnished by the Sama Ane Fire Department to simulate high-fuel
local conditions. ‘Thefurnishings consisted of two wood-frame bunk beds (mattress-
es without box springs), a doube bed (mattrcas and box spring), pillows, two couch-
es, a .wIcvisionse~ a kunp simde, and assorted articles of ciothirtg. The totai mass of
the contents was 552.0 kg (1$21’7lb) with an unccztainty of 10% estimated for the
scale used in the experiments. The masses of the individual components are listed in
Table 4. Figure.5 shows the location of the furniture in the roam

In addition ‘tothe contents of the room, thwe was an ignition source: a plastic waste
basket 0.255 m high by 0.255 m wide by OJ88 m deep (10.0 by 10.0 by 7.4 inches).
The wastebasket contaitwd a totai of eight 2-qmrt waxed cardboard milk croons.
TWOcartons were placed vdcally in the baake~ with another placed inside each of
the wo, forming two double-layere& vertically oriented open cartons. Inside each of
the verticai cartons was placed the torn pieces, nominally 0.0010 mz (1.6 inches~, of
two identical cartons. ‘I’hewastebasket was placed between the two sets of bunk beds

--
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Figuro 5. Plan view of flro room with combustible conients.
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TABLE 5
Sequence cd Even*

Eiapsed Time (x) Event
o Ignition

85 Smoke detector actuation
100 Pen&sat sprinkler aamtiori

105 SideWall Sprir!kkr actuation

110 Tmmai?ioo to full morn involvement

360 Ww Spp!ic.aiorl begins

and ignited by removing one tom pieee from each of the two vertical cartons, ignit-
ing i~ and dropping it into the carton.

Resuk
Tim sequenee of events for the experiment is given in Table 5, with an estimated
uncertainty of k2 secomis.

T& temperatures measured within the living room (fire room) are shown in Figure
6. The data are presented for various distances from the floor in order to simplify the

. graphs yet show the tempemture profile withh the roorm Due to the failure of the liv-
ing mom thermocouple tree shortly after M morn irwobfemen~ the temperature data
are available only up to 120 sex.xmds.The tiemwouple near the penckmt sprinkler
snd cmthe floor in the newspaper, however, operated throughout the experirnen~ The
data fkom these thermocouples are shown in E5gure7. Tbe data from the thermocou-
ple near the sidewall spfhkkr, also shown in Figure 7, ends at approximately 120 see-
onds due to thexzrtoeouplefailure.

The temperatures measured within the hailway sre shown in Figure 8. As in the

ase of the the room, temperatures are given versus time for sebed heights above
the floor.

Tempemmres measured in the second floor room are graphed in figure 9. ‘l%etem-

~ of g== en~g cw~wving thro@ the own window at the front of the
room are shown in Figure 10.

The veioeity of the outflowing gases measured by the bidirectional probe at the
front window of the second-story room is shown in Figure 11.

-:
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Figuro 6. Temperatures in tho living room.
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Figure 7. Single @hermoceuple Wsmperatures in ~he iiving room.
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Figure 8. Temperatures in the hail adiaeent to the Mving room.
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Figure 9. Temperatures in khe second s?ory.
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Figure 10. Tempem*ros in the second-story front window.
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